Preparation and optical study of the electrochemically deposited TiO2 thin film on the FTO glass and its processing and feasibility to construct a hetero-junction hybrid solar cell device based on an n-type inorganic (TiO2) and a p-type organic (P3HT) film has been elucidated. A promising initial efficiency of 0.18% with a JSC value of 3.1mAcm -2 , VOC of 0.4V and a fill factor of 34% under AM 1.5G (100 mW/cm 2 ) condition has been achieved. The cross sectional SEM results shows a film thickness of inorganic and organic layers of ~900 nm and ~200 nm, respectively. The XRD results shows that the grown inorganic film possess a reduced titania peaks at 2θ of 27° and 28° which after calcination to 450°C for 1h in ambient, transform to pure anatase crystal structure. The observed efficiency can be attributed to the formation of a good hetero-structure of TiO2/P3HT films, the percolation of electron and holes towards the respective electrodes efficiently due to inorganic-organic nature of the thin films. The efficiency may likely to be improved and electron injection can be augmented by the suitable band alignment with hierarchical placement of thin buffer layers. The details of device properties were analyzed by SEM, XRD, AFM, UVVis, J-V and EQE techniques.
INTRODUCTION
Cost effective photovoltaic (PV) devices has been perceived as a future potential solutions for global energy crisis while minimizing the detrimental effects on the environment [1, 2] . The major glitch for the large-scale utilization of solar energy lies in their high cost and inadequate efficiencies of the currently existing solar cells [3] . New strategies and innovations are needed to harvest maximum incident solar photons with greater efficiency and economic viability [4] . To date several kind of next generation photovoltaic technologies have been reported in order to achieve a cheap, scalable and affordable solar cells including inorganic, [5] organic, [6] inorganic-organic hybrid, [7] flexible and tandem types [8] . Among all, the inorganic-organic hybrid solar cells seems highly promising since the dissociated excitons find a separate path for the percolation of electron and holes towards the respective electrodes by inorganic and organic nature of the thin films. Furthermore, it is apparently clear that the production cost can be severely reduced by the utilization of the abundant inorganic materials and a low production cost film fabrication techniques such as spin casting, electrochemical deposition and screen printings unlike the use of expensive and complex film forming techniques such as CVD, electron beam and MOCVDs [9] . Since the solution processable organic solar cells are extensively studied and highly promising next generation photovoltaics, however, the generation of Frenkel type excitons at the donor/acceptor interface needed a larger surface area and excellent contacts at the film interfaces [10] . Moreover, in organic solar cells the effective harvesting of generated geminate pairs at electrodes also posing limitations to the higher efficiencies due to slow charge carrier mobility's (~10 -4 cm 2 V -1 c -1 ) of organic layers towards the electrode surface, however inorganic type solar cells possess strong chemical stability, high mobility and strong intrinsic charge carriers which make them choice for large scale manufacturing [11] . In order to exploit the novel promising attributes of inorganic materials such as fast charge transfer, an extensive effort has been made to devise the hybrid inorganic/organic (CdSe/P3HT) type devices since the charge transfer at the film interface has been found to be enhanced because the inorganic semiconductor have greater electron affinities which are energetically favorable for the electrons to transfer onto the organic materials due to close proximity of band matching [12] . Success has been achieved in case of the hybrid CdSe/P3HT solar cell and a theoretical efficiency of 12% have been predicted, however, practically a maximum of 3.6% efficiencies have been reported [13, 14] . The CdSe/P3HT hybrid solar cell have Cd as a harmful constituent, so any replacement of Cd to the environmentally benign and abundant materials such as TiO2, expected to be highly promising. Titanium dioxide is a n-type semiconductor with a band gap of 3.2eV with a very low cost, nontoxic and in abundant in supply, is highly promising material in photocatalysis, sensors and dyesensitized solar cell [15, 16] . Due to its favorable and superior optoelectronic characteristics, titania has been potentially applied for Cu2O/TiO2 [17] , TiO2-polythiophe [18] , and electrochemically deposited TiO2 in dye-sensitize solar cells [19] . More recently, functionalization of porous TiO2 [20] or ZnO [21] with a fullerene based organic electron acceptor self-assembled monolayer (C60SAM), where photoinduced electron transfer from a polymer hole-conductor to the oxide and an inorganic-organic perovskite with C60SAM functionalization of TiO2 as a dual absorbing hybrid solar cell have also been reported [22] . Despite of such excellent pioneering works on titania based solar cells, a TiO2/P3HT based
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heterojunction solar cell is not available in literature with the best of our knowledge. The P3HT, is p-type regio-regular organic polymer with a band gap of 2.1 eV which have high light harnessing capability in visible spectrum [23] . In the present study, a successful p-n heterojunction solar cell device constructed where both the thin film formation techniques are solution processable, simple, scalable and feasibility to combine electrodeposited TiO2 layer and organic layer (P3HT) to form hybrid heterojunction.
EXPERIMENTAL
Titanium dioxide thin film were electrochemically deposited in a built setup micro beaker using an etched FTO glass as working electrode and Pt sheet as a counter electrode and Ag/AgCl as reference electrode containing an aqueous solution of 0.2M of K2[TiO(C2O4)2] and 2M Lactic acid, by maintaining a constant pH of 10 with NaOH addition. The obtained film then calcined to 450°C for 1h in ambient. Heterojunction hybrid solar cell is prepared as follows: The FTO glass was cut (20mm x 15mm) masked, etched and cleaned with the detergent, then ultrasonicated in acetone and after drying it, cleaned further with UVO for 20 min. In the 1.0 ml of chloroform solvent P3HT (12mg) was added in a 4ml vial in the glove box then sonicated for 15 min to dissolves homogeneously, after that it was magnetically stirred for 24h. Then the organic layer (P3HT) was spin casted at 1200 rpm for 45s on the electrochemically prepared and calcined TiO2 substrate. The cells in this study having active area of ~0.02 cm 2 . After this procedure Au (12 nm) electrode was deposited by thermal evaporation in vacuum about 10 -6 torr. The post annealing was carried out as 120°C for 20 min. Photocurrent-voltage (J-V) curves was measured by currentvoltage characteristics measurement (digital source meter; model 2400, Keithly) in conditions illumination (AM1.5G, 100 mW/cm 2 ;model ORIEL-Sol-3A, Newport) was calibrated to 100 mM/cm 2 using a reference Si photodevice. X-ray diffraction pattern were collected by high power X-ray diffractometer (Rigaku, Japan) using Cu Kα radiation. Scanning electron microscope (SEM) images were collected by using TESCAN MIRA LMH2, operated at 15kV. UV-vis spectra by Cary 300 (Agilent Technologies).
RESULTS AND DISCUSSION
Figure 1(a) shows the representative scanning electron microscope (SEM) images of the electrochemically deposited thin film calcined at 450°C, it shows that a densely deposited titania particles which have voids in the film arise probably due to the decomposition of water molecules and evolution of the hydrogen gas, the corresponding atomic force microscopy (AFM) image (b) shows a topographical image with surface roughness in the range of 4.74 nm where voids are clearly prominent are consistent, additionally the deposited titania crystals shows a poly sized nanocrystals which are well consistent with the SEM image. Figure 1(c,d) shows the crosssectional SEM image of electrochemically deposited TiO2 thin film on the FTO glass along with the spin casted P3HT layer on the electrodeposited layers (d). It was observed that the electrodeposited titania film was quite dense well packed with average thickness of ~900 nm and the P3HT spin casted layer average thickness on the TiO2 layer was found to be almost ~200 nm at all over the thin film interface and no protruding and damage of titania layer were observed at any place throughout the organic layer. Though in some places in the organic film constituent is not uniform which depends on the thickness of electrodeposited layer, however it does not affect the device efficiency or any short-circuits in the cell device. Figure  1 (e) shows the picture of deposited titania on the FTO glasses which shows the visual white color deposite by the electrochemical deposition method. Figure 2 shows the X-ray diffraction (XRD) pattern of the as grown (a) as well as the calcined film at 450°C (b) in ambient for 1h. It can be deduced from the figure that the reduce form of titania (Ti5O9) at 2θ theta of 27°, 28° peak position were clearly observed which later transforms to anatase phase on calcining at 450°C, that means the arising of these peaks were transient and unstable. The peak position at 22°, 33°, 36°, 52° are possibly due to the FTO glass, however Appl. Sci. Lett. 1(2) 2015, 37-41 www.appslett.com Copyright 2015 Asian Scientific Publishers
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peaks at 26°, 37° and 54° are due to anatase phase of titania which on the basis of XRD results, here we have conjectured that the film is dominated by only anatase titania crystal phases. Figure 3 depicts the UV-vis transmittance spectra study of the bare FTO glass (a) and electrochemically deposited TiO2 film (b) calcined at 450°C for 1h in ambient. It can be observed from the figure that bare FTO shows a transparency of almost 90%, however deposited TiO2 film on the FTO glass show a transparency of ~ 70% which can be attributed due to the deposition of titania films in the visible light domain and it can be speculated that though transmittance was reduced but still it can be used to fabricate the solar cells with the 70% transmittance to elucidate the feasibility of hetero-structure at the device level. Figure 4 shows the J-V characteristic study of the prepared device (Glass/FTO/TiO2/P3HT/Au) applied for the heterojunction solar cell device analysis. The maximum performance efficiency were observed from the prepared cell devices was 0.18% with a JSC value of 3.1, VOC of 0.41V and a fill factor of 34%. The as prepared device shows a low fill factor and a low JSC values perhaps due to the buildup charges owing to inorganic-organic nature of films and the electron-holes are not sufficiently extracted well, additionally involvement of contacts of peripheral layers also cause low device efficiency since most part of the films do not contribute in electron hole generation, nevertheless still a remarkable efficiency are observed in the present study which can be obtained only in the form of devices and not due to catalytic or any other effects. Figure 5 shows the external quantum efficiency (EQE) analysis of the prepared heterojunction solar cell device. The observed spectra produced a maximum total quantum efficiency of ~42% which is quite encouraging as a preliminary study. In our entire external quantum efficiency curve one dominant broad hump peak centered at ~501 nm with shoulder at ~698 nm were observed which is purely due to the organic P3HT light absorbent, however not much effect due to the titania layer were observed. The titania (TiO2) photoanode is extensively studied and quite successful in the dye-sensitized solar (DSC) cells where a N3 dye harness the solar light and electron-hole generated then the excited electrons transfers to the working electrode made of micro scale thick titania film by doctor blading that shows an efficiencies more than 12% [24, 25] . However, a DSC is liquid junction solar cell where the remedy is necessary of liquid electrolytes evaporation, which is posing a great glitch to the mass scale production and life cycle in DSC technology, and in most of the cases sealing of fabricated devices are necessary to avoid leakage and evaporation of liquid electrolytes. Such a shortcoming of dye-sensitized solar cell generated an interest and curiosity towards the devices which do not possess liquid electrolytes. In order to explore the alternate of the DSCs several kind of solid state dye-sensitized and perovskite-sensitized solar cells have been prepared [26, 27] . Additionally, extensive work have been carried out widely in the areas of n-type inorganic semiconductor (II-VI group) [28] and 
metal oxide [29] based in conjunction to the polymer hybrid solar cells owing to ease of solution processability, stability and high electron mobility. Inspired by these above developments, in this study it is aimed that whether a feasibility of a heterojunction structure could be successfully formed with the electrodeposited ntype and a spin casted p-type material (TiO2/P3HT) for the solar cell application despite of energy level misalignment and possible poor electron couplings. The initial result analysis of the TiO2/P3HT heterojunction solar cell are promising and efficiencies up to 0.18% has been documented here which suggests that an easy and simple method could be highly encouraging and fundamental properties can be enhanced/altered further for practical applications by putting interpenetrating layers similar to organic solar cell as it has been successfully applied since their inception. It is worthy to note that the p-type P3HT polymer film was deposited nicely all over the electrodeposited titania layer and did not damage anywhere and the surfaces of titania films which suggest that the organic molecule harness the incident light and charge generation takes place from the LUMO level of P3HT at the film interface where it donates electron to the n-type titania due to close interface proximity and the hole remains on the p-type organic layer and e -h + successively collected at the electrodes suppressing backward reaction, due to fast mobility of electron on inorganic titania and the recombination of electron holes might hindered some extent and their life time could be enhanced and better percolation of excitons and separation is possible due to p-type and n-type layers. Further studies of influence of optical interpenetrating films (p-type and n-type) between the heterojuction structure, charge collection and their effects on the efficiency are under study.
CONCLUSION
We have fabricated a p-n heterojunction type hybrid solar cell with a cell stacking of Glass/FTO/TiO2/P3HT/Au by using a wet chemical processes, i.e., TiO2 electrochemical deposition of ~900 nm and spin casting of the organic layers of ~200 nm at the top of inorganic interface. The electrochemically deposited film were densely thick and shows voids due to hydrogen generation. The power conversion efficiency of the initial solar cells is 0.18% with external quantum efficiency of 42%. It can be deduced that solution processable heterojunction of inorganic and organic layer can be formed well.
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